A diallel cross involving three Moroccan breeds of sheep (Sardi, Beni Guil, and D'man) was analyzed by least squares procedures. A total of 456 ewes were mated to 22 rams and this resulted in 528 lambs born from 412 ewes. D'man ewes had by far the highest general performance as measured by total weight of lamb weaned, even though the average live weight per lamb was the lowest for the three breeds; this resulted from the higher number of lambs weaned per ewe for the Dman. The least squares means for litter size at birth per ewe lambing were 2.04, 1.01, and 1.11 for D'man, Beni Guil, and Sardi ewes, respectively. The comparable figures for litter size at weaning were 1.55, .90, and .99, respectively, and the least squares means for total weight of lamb weaned were 20.7, 16.9, and 18.2 kg for D'man, Beni Guil, and Sardi ewes, respectively. The comparable figures for total weight of lamb weaned per 100 kg of ewe weight were 71.1, 44.3, and 41.1 kgil00 kg for D'man, Beni Guil, and Sardi ewes. Conversely, Dman rams had the poorest breeding performances of the rams of the three breeds, and Beni Guil rams had the lowest litter mortality. The breed of ram had only small and nonsignificant effects on all measures of fertility and ewe productivity. The least squares means for number bornlewe lambing were 1.36, 1.35, and 1.44, respectively, for D'man, Beni Guil, and Sardi rams; the comparable least squares means for number weaned per ewe lambing were 1.10, 1.18, and 1.16, respectively. The least squares means for fertility for D'man, Beni Guil, and Sardi were .86, .92, and .94, respectively, for breed of ram and 3 9 , .92, and .91, respectively, for breed of ewe. With its high reproductive performance and productivity, the D'man ewe could be used extensively in crossbreeding to improve meat production in Morocco.
Introduction
An objective evaluation of reproductive performance and ewe productivity in purebreeding and crossbreeding is a prerequisite for optimum breed utilization. The goal of this study thus was to explore alternative breeding systems and evaluate the respective potential contributions of the D'man, Beni Guil, and Sardi breeds of sheep to total weight of lamb weaned per ewe in Morocco. ' The breeding project was conducted in Morocco and financed by the Hassan I1 Agronomy and Veterinary Medicine Institute, Rabat, Morocco. This paper is taken from a thesis submitted by the senior author to the Faculty of the Graduate School of the Univ. of Minnesota in partial fulfillment of the requirements for the Ph.D. degree; his study in the Dept. of Animal Sci. a t the Univ. of Minnesota was financed by Minnesota-Morocco-USAID project.
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J. Anim. Sci. 1993. 71:882-887 Experimental Prodecures A complete diallel cross involving three Moroccan breeds of sheep, D'man, Beni Guil, and Sardi, was conducted for a 2-yr period at the Gharb Experiment Station in Morocco (latitude: 34"18") . Details on the design and the management of the experiment were given by Bourfia ( 19 8 7) and Bourfia and Touchberry (1993) .
Analysis of Data. The numbers of ewes mated and lambing and the numbers of lambs born and weaned per breed group are shown in Table 1 . A total of 22 rams, approximately seven per breed, were mated t o 456 ewes, approximately 150 per breed, of which 412 lambed and produced 528 lambs. A total of 463 lambs, 212 females and 251 males, were raised to weaning.
To evaluate general performance of crossbreds and purebreds, measures of fertility, prolificacy, viability, and growth were used. Thus, data on six ewe traits were collected 1) fertility: categorized as 0 for ewes bThe number of sires used per breed group was four, except in the indicated cell, where the number was three; in the same subclass the number of sires that had lambs was two.
that mated but failed to lamb and 1 for ewes that lambed, 2 ) number of lambs born per ewe lambing ( 1 to 5) : commonly known as a measure of prolificacy, 3 ) number of lambs weaned per ewe lambing, 4 ) number of lambs that died from birth to weaning per ewe lambing, sometimes referred to as lamb loss, 5 ) total weight of lamb weaned (WWgO), and 6 ) total weight of lamb weaned per 100 kg of ewe weight.
The data were analyzed using the GLM procedure of SAS (1988) . The model was the same as that described by Bourfia and Touchberry ( 19931, except sex of lamb and type of birth and rearing were not included. The model included breed of ram ( BR) , year of lambing (YR), the BR x YR interaction, rams within (BR x YR), breed of ewe ( BE), the BR x BE interaction, age of ewe ( AE), and the interaction BE x AE. Ewes were in one of three age classes, S 2 yr, 3 yr, and 2 4 yr. The effect of rams within (BR x YR) and the residual term were assumed to be random. The mean squares and tests of significance are listed in Table 2 .
To determine the significance of differences among subclass means, Duncan's multiple range test as modified by Kramer ( 19 5 6 was used in those cases in which the mean square was significant by an F-test. The use of the F-test for fertility, number of lambs born, and number weaned is only an approximation, because one must assume that the error term is normally distributed (Gabriel, 1963) . Conversely, although the measures of ewe productivity as expressed by total weight of lamb weaned depend on the number of lambs weaned, which is a discontinuous variable, the distribution of the measures of ewe productivity are probably suitable for analysis of variance and tests of significance using the F-test, although one must assume that the error term is normally distributed.
In the analysis of total weight of lamb weaned per ewe lambing, an adjustment was made for sex of lamb; that is, the weaning weight of a female lamb was adjusted by an additive correction to that of a male equivalent. No adjustment was made for type of birth and rearing, because such an adjustment would have greatly overestimated the total weight of lamb actually weaned by D'man ewes, because of the much higher litter size weaned by the prolific D'man ewes.
To avoid removing genetic differences among breeds, no adjustment was made for ewe weight; however, the ratio of total weight of lamb weaned to weight of ewe multiplied by 100 was analyzed as a measure of productivity. The average of the weight at mating and the weight at weaning was used as an appropriate measure of ewe weight.
Results and Discussion
As shown in Table 2 , the only genetic source of variance that was significant was that for breed of ewe. Breed of ram and rams within (BR x YR) had Table 2 . Degrees of freedom, mean squares, and significance of effects for fertility, number of lambs born, number of lambs weaned, number of lambs that died from birth to weaning, total weight of lamb weaned (WW90) per ewe lambing, and total weight of lamb weaned per 100 kilograms of ewe weight (WWW9OJ per ewe lambing only small and nonsignificant effects on the measures of reproductive performance and ewe productivity.
FertiIity. The analysis of variance in Table 2 indicates that no source of variance was significant for fertility; however, in the case of mating purebred ewes to rams of their respective breeds (purebred matings), D'man ewes were the least fertile, with a conception rate of .82 f .05, whereas Beni Guil and Sardi ewes had higher fertility, with conception rates of .95 f .04 and .96 f .05, respectively, as shown in Table 3 . D'man rams had lower average breeding performance than either Beni Guil or Sardi rams; the least squares means were .86 f .03, .92 k .03, and .94 f .03 for Dman, Beni Guil, and Sardi rams, respectively, but these means were not significantly different.
Litter Sizes. The analysis of variance presented in Table 2 indicates that age of ewe had significant influences on the number of lambs born and the number weaned. Ewes 2 4 yr old gave birth to 1.66 f .05 lambs and weaned 1.34 rt .05 lambs per ewe lambing. The comparable figures for 1-t o 2-yr-old ewes were 1.22 k .05 lamb born and 1.00 f .05 lamb weaned.
The interaction of breed of ewe x age of ewe significantly affected the number of lambs born, the number weaned, and the number that died from birth t o weaning (Table 2 ). In the case of D'man ewes with a high prolificacy potential, there was a significant increase in litter size and lamb loss when age increased from 1 or 2 yr to 2 4 yr; the difference was 1.11 for the number of lambs born, .68 for the number of lambs weaned, and .43 for the number of lambs that died from birth to weaning. In the case of Beni Guil and Sardi ewes with a lower potential for multiple births, there was no significant difference between younger and older ewes.
The analysis of variance presented in Table 2 indicates that breed of ewe had significant influences on the number of lambs born and the number weaned per ewe lambing. As shown in Table 3 , the least squares means for litter size at birth were 2.04 f .06, 1.01 f .05, and 1.11 i .05 for D'man, Beni Guil, and Sardi ewes, respectively. The comparable figures for litter size at weaning were 1.55 f .06, .90 k .05, and .99 f .04. The difference between the numbers of lambs by Beni Guil and Sardi ewes either at birth or at weaning was not significant. As shown in the marginal means of Table 3 , ewes mated to D'man rams had smaller numbers of lambs born and weaned than did Beni Guil and Sardi rams but were not significantly smaller.
As expected, the higher prolificacy of D'man ewes was associated with a higher lamb loss (Tables 2 and  3 ). The average numbers of lambs that died from birth to weaningwere .49 f .06, .10 f .05, and . l l k .05 for D'man, Beni Guil, and Sardi ewes, respectively. Even though the effect of breed of sire was not significant for lamb loss, lambs by Beni Guil sires had the lowest mortality from birth to weaning; the least squares means were .26 f .05, .17 f .05, and .27 f .05 for number of lambs that died from birth to weaning per ewe lambing for D'man, Beni Guil, and Sardi sires, respectively.
The results presented so far are generally in agreement with those of other studies. Sidwell and Miller (1971a) and McGuirk and Bourke (1978) observed higher fertility in crossbred matings. Conversely, Vesely and Peters (1974) found that ewes had lower fertility when bred to a ram of a different breed. The results of the present study do not support the observation made by Land et al. (1974) that the reproductive activity of males from prolific breeds exceeds that of males from breeds with lower female reproductive performance, because D'man rams had the poorest reproductive performance of rams of the three breeds included in the study. Vesely and Peters (1965) b,cMeans within a row lacking a common superscript letter differ ( P e .05).
reported significant effects of age of ewe on the number of lambs born and the number reared. Hohenboken et al. (1976) found that age of ewe significantly affected prolificacy.
Ewe Productivity. Effects associated with year of lambing had significant influences on the two measures of ewe productivity ( Table 2 ). The higher performance observed during the 2nd yr of the experiment probably resulted from the beneficial effect of ewes having their entire lactation during a period when bersim forage ( Trifolium alexandrinum) was available. Effects associated with year of birth had no effects on the number of lambs weaned (Table 2 ) but had significant influences on the average weaning weight of individual lambs (see Bourfia and Touchberry, 1993) .
As shown in Table 2 , age of ewe significantly affected total weight of lamb weaned per ewe lambing (WW90) but had no significant influence on total weight of lamb produced per 100 kg of ewe weight (WWW90). Total weight of lamb weaned per ewe lambing averaged 15.3 k .7, 18.6 f .8, and 21.9 k .8 kg for 1-to 2-, 3-yr-old, and 4-yr and older ewes, respectively. As expected, older ewes produced more weight of lamb at weaning than did younger ewes.
As shown in Table 2 , effects associated with breed of ewe were significant for total weight of lamb weaned. It is obvious from Table 3 that D'man ewes have higher productivity than either Beni Guil or Sardi ewes. The productivity of Beni Guil and Sardi ewes was not significantly different. On a basis of total weight of lamb weaned per ewe lambing (WWgO), the means were 20.7 k .9, 16.9 k .7, and 18.2 _+ .7 €or D'man, Beni Guil, and Sardi ewes, respectively. D'man ewes thus weaned 23 and 13% more weight of lamb than did Beni Guil and Sardi ewes, respectively.
Widespread use has been made of the ratio of total weight of lamb weaned (output) to ewe weight (input) as an indicator of efficiency. According to Dickerson (19851, 50 to 60% of the total feed intake of domestic meat animals is required for maintenance of vital body functions. The three breeds involved in this study differed markedly for ewe weight; Bourfia ( 1987) estimated mature weight for D'man, Beni Guil, and Sardi ewes to be 31.5, 40.7, and 47.3 kg, respectively .
On a basis of total weight of lamb weaned per 100 kg of ewe weight (WWWSO), the least squares means were 71.1 5 2.6, 44.3 f 2.1, and 41.1 k 2.0 for D'man, Beni Guil, and Sardi ewes, respectively, and the superiority of the Dman ewe over the Beni Guil and Sardi ewes was 60 and 73%) respectively. As shown in both Tables 2 and 3, the breed of ram had relatively minor effects on ewe productivity.
The fact that the highest productivity was obtained by the prolific D'man ewes, despite the smaller weaning weights of individual lambs produced by D'man ewes as reported by Bourfia and Touchberry (1993) , indicates that the composite trait "total weight of lamb weaned" depends heavily on the number of lambs weaned per ewe. These results agree with those reported by Sidwell and Miller (1971b) and Oltenacu and Boylan (1981) .
Even though breed of ram x breed of ewe interaction was not significant, Beni Guil rams mated to D'man ewes resulted in the highest general performance as measured by total weight of lamb weaned (Table 3 ). The reasons for the superiority of the Beni Guil x D'man cross are based on the lower litter mortality from birth to weaning for the cross and the higher litter size weaned by D'man ewes.
General Combining Ability, Maternal Effects, and
Heterosis. Genetically the reproductive performance and productivity of purebred ewes are determined by the genotype of the lamb produced as well as by the genotype of the ewe. Ewe productivity is based largely on characteristics measured on the offspring. It is thus appropriate to derive general combining ability and maternal effects for measures of productivity of purebred ewes. This is analogous to using a diallel analysis to analyze the results of crosses of inbred lines of plants or animals.
Because a complete diallel analysis is not possible with a cross involving only three breeds, it was decided that the effects of importance in this case were general combining ability, maternal effects, and heterosis. Shown in Table 4 are the least squares constants for general combining ability, maternal effects, and heterosis. The constants for differences among purebreds mated to rams of their own breed are not shown because these can be easily derived from the least squares means for purebreds in Table 3 .
As shown in Table 4 , there was no significant constant for fertility, and this is consistent with the analysis of variance in Table 2 and the least squares  constants of Table 3 . For the other traits, the least squares constants for general combining ability and maternal effects for the Dman breed were all positive and those for the Beni Guil and Sardi breeds were all negative or essentially zero. None of the constants for general combining ability for weaning weight of lamb per ewe was significant; however, the constant for the Dman breed was significantly ( P < .02) larger than that for the Beni Guil breed. Eleven of the other 12 least squares constants for general combining ability were significant at the .01 level of probability. All least squares constants for maternal effects, other than those for fertility, were significant at the .01 level of probability.
For the Dman breed, the constants for maternal effects are from 1.9 to 3.3 times the respective constants for general combining ability and average 2.4 times as large. The largest ratio of the two constants is for the trait weaning weight of lamb per ewe, which was 2.641.79 = 3.34. Thus, most of the significant effect of breed of ewe results from the prolificacy of the D'man ewe. The large positive maternal effects for D'man ewes support the use of D'man ewes in crossbreeding to increase meat production in Morocco.
The least squares constants for crossbreds indicated that crossbreds were significantly superior to purebreds for number weaned, number died, weaning weight of lamb per ewe, and weaning weight of lamb per 100 kg of ewe weight (data not shown). Much of the heterosis resulted from a higher rate of survival of crossbreds compared with purebreds, and thus a larger number of crossbred lambs weaned per ewe.
The results reported for the present study are in agreement with published work. Carter et al. (1971) reported that year of lambing and breed of ewe had significant effects on total weight of lamb weaned per ewe lambing. Hohenboken et al. (1976) observed significant influences of year and age of ewe on total weight of lamb weaned per ewe lambing.
Implications
Under the extensive range conditions of the eastern part of Morocco, where the Beni Guil breed is usually raised, ewes can adequately nourish only one lamb. The Dman breed was developed and is used in small flocks in the southern oases under intensive care. These greatly differing environments no doubt fostered selection that brought about the observed differences in prolificacy between the two breeds. The results of the present study show that breeding Beni Guil or Sardi rams to D'man ewes markedly increased lamb productivity and should thus be used in terminal crosses on D'man ewes.
Literature Cited Conclusion
Based on general performance as measured by kilograms of lamb weaned per ewe, and in a system in which lambs are produced under intensive feedlot conditions, the D'man ewe is by far the highestperforming breed of ewe in Morocco. The least squares means for lambs born per ewe lambing were 2.04 ? .06, 1.01 f .05, and 1.11 f .05 for Dman, Beni Guil, and Sardi ewes, respectively. The comparable figures for lambs weaned were 1.55 k .06, .90 k .05, and .99 f .04. Hence, the D'man breed has a high litter size potential, whereas the Beni Guil breed has a very low potential for multiple births. Conversely, exposure of ewes of the three breeds to D'man rams resulted in decreased lambing rates.
Even though lambs born to D'man dams had an initial handicap for individual growth traits, the distinctly higher number of lambs produced per ewe resulted in D'man ewes having the highest general performance as measured by total weight of lamb weaned per ewe. The greater survival of the crossbreds and the prolificacy of D'man ewes support the view that the number of lambs weaned is a key component in the total weight of lamb weaned per ewe. The D'man ewe produced total lamb weight at weaning that amounted to 71% of its own weight, whereas Beni Guil and Sardi ewes produced 44 and 41%' respectively, of their own weights, on the basis of ewes lambing.
Whether increasing litter size results in excessively high mortality is a question of practical importance. Reduced mortality of lamb from birth to weaning was observed when Beni Guil rams were mated to the most prolific ewes, the D'man. This high survival rate coupled with the high litter size of D'man ewes resulted in this cross, Beni Guil rams by D'man ewes, having the highest general performance as measured by total weight of lamb weaned per ewe of any breed group. This supports the beneficial effects of crossbreeding in general and the role of specific breed combinations.
